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PREFACE. 


One  of  the  important  functions  of  the  Bureau  of  Mines  has  been 
the  analysis  of  samples  of  coal  from  every  coal-mining  State  and 
from  Alaska.  These  analyses  are  being  published  for  the  informa- 
tion of  Government  officials  and  the  public. 

These  samples  have  been  collected  in  mines  by  representatives  of 
the  Bureau  of  Mines  and  by  geologists  of  the  United  States  Geological 
Survey  in  investigations  of  mineral  resources;  they  have  been  col- 
lected from  coal  delivered  for  the  use  of  Government  Departments — 
Treasury,  Navy,  and  War — and  for  the  various  Government  institu- 
tions; they  have  also  come  from  coal  obtained  for  tests  by  the 
bureau  in  investigations  of  fuel  utilization  and  the  explosibility  of 
coal  dust.  Extensive  sampling  and  analytical  work  has  been  done 
in  connection  with  various  State  geological  surveys. 

From  time  to  time  the  bureau  has  published  the  analytical  results 
in  large  bulletins.  Although  the  analyses  in  any  one  bulletin  have 
been  grouped  together  by  States,  or  by  special  uses,  to  look  up  the 
analyses  of  coals  from  any  particular  section  of  the  country  neces- 
sitates the  perusal  of  a  number  of  bulletins,  some  of  which  are  no 
longer  available  for  free  distribution. 

Moreover,  when  the  bureau  receives  an  inquiry  for  analyses  of 
coal  from  any  particular  part  of  the  country,  it  constitutes  a  large 
wastage  of  printed  documents  to  send  a  number  of  superfluous 
bulletins  in  order  to  show  the  analyses  for  only  a  particular  mining 
district  in  a  State,  or  even  for  an  individual  mine.  It  therefore  is 
deemed  expedient  to  republish  the  analyses  of  coal  in  a  series  of 
inexpensive  publications,  by  separate  States,  or  if  the  coal  produc- 
tion is  small  in  any  State,  by  adjacent  States,  and  to  include  a  brief 
description  of  the  geologic  structures  of  the  coal  basins  in  the  State, 
or  group  of  States,  abstracted  from  the  reports  of  the  United  States 
Geological  Survey,  together  with  a  brief  description  of  the  typical 
mining  conditions  in  the  different  districts;  also  a  statement  of  the 
production  by  counties  as  compiled  by  the  United  States  Geological 
Survey. 

Technical  paper  269  is  the  first  of  this  series  to  be  issued.  From 
time  to  time  it  will  be  revised  to  include  later  analyses. 

H.  Foster  Bain, 

Acting  Director. 
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IOWA  COALS,  THEIR  QUALITY  AND  UTILIZATION. 


By  (ii.nKi.r  S.    Rice. 


INTRODUCTION. 
BISTORT  01  .minim;. 

Coal  was  mined  in  a  small  way  in  Iowa  in  the  first  half  of  the 
nineteenth  century.  The  first  record  is  400  tons  in  1840;  in  1860 
the  output  was  42,000  tons;  in  1880,  1,461,000  tons;  in  1900,  5,203,000 
tons;  and  in  1917,  8,966,000  tons.  These  figures  show  that  the  increase 
has  been  steady,  but  as  the  coal  beds  are  not  thick  and  are  generally 
irregular,  the  increase  of  production  has  not  been  as  rapid  as  in 
some  other  States. 

GEOLOGY  OF  COAL  BEDS.' 

The  coal-bearing  formations  of  Iowa,  according  to  the  United 
States  Geological  Survey,  belong  to  the  Pennsylvanian  series  "Upper 
Carboniferous"  of  the  Carboniferous  system.  As  in  Missouri,  this 
series  is  readily  separable  on  lithologic  and  economic  grounds  into 
an  upper  division  known  as  the  Missouri  group  and  a  lower  called  the 
Des  Moines  group.  The  upper  group  is  distinguished  by  the  presence 
of  numerous  limestone  strata  and  contains  few  coal  beds  of  import- 
ance. The  lower  group  consists  mainly  of  shale  and  sandstone,  with 
little  limestone  except  a  thin  formation  near  the  middle,  and  contains 
numerous  beds  of  coal.  The  greater  part  of  the  output  of  the  State 
comes  from  the  lower  part  of  the  Des  Moines  group,  where  the  coal 
beds  and  associated  strata  are  extremely  irregular,  replacing  one  an- 
other within  short  distances  both  laterally  and  vertically.  The  lime- 
stone-bearing formation  of  the  Des  Moines  group  includes  one  coal 
bed  that  is  of  considerable  commercial  importance;  it  is  known  as  the 
Mystic  or  Centerville  bed.  This  bed  and  the  strata  associated  with 
it  are  remarkably  regular  and  persistent,  retaining  their  essential 
character  through  about  half  of  Appanoose  and  Wayne  Counties  in 
Iowa  and  a  large  area  in  Missouri. 

The  topography  of  the  coal  districts  of  Iowa  is  that  of  a  thoroughly 
dissected  upland,  covered  with  a  thick  coating  of  loam  and  glacial 
drift.     The  stream  valleys  are  sharply  cut  and  along  them  the  coal 

1  The  geological  description  is  freely  borrowed  from  reports  of  the  United  States  Geological  Survey  and 
has  been  approved  by  M.  R.  Campbell,  coal  geologist. 
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beds  are  exposed  in  places.  The  Des  Moines  River,  which  flows 
southeast,  cuts  through  the  coal-bearing  series  and  into  the  lower 
Carboniferous  limestone.  Most  of  the  early  mining  was  done  by 
drifting  into  the  banks  of  the  Des  Moines  River  and  its  tributaries. 
The  principal  coal  beds,  except  the  Centerville  bed,  lie  from  a  few 
feet  to  generally  not  more  than  50  feet  above  this  limestone.  The 
relation  between  the  topography  and  the  geologic  formations  is 
such  that  coal  beds  rarely  lie  more  than  200  feet  below  the  surface 
and  generally  may  be  reached  by  shallow  shafts. 

COAL  RESOURCES. 

According  to  Campbell,  the  original  coal  supply  in  Iowa  was 
29,160,000,000  short  tons,  from  which  it  appears  that  there  was 
still  available  up  to  the  close  of  1910,  28,900,000,000  short  tons. 
Since  then  there  has  been  mined  up  to  and  including  1918,  60,000,000 
tons. 

CHARACTER  OF  THE  COAL. 

Iowa  coal  is  low-grade  and  noncoking  bituminous,  carrying  con- 
siderable sulphur  in  the  form  of  pyrite  (FeS2)  and  gypsum  (CaS04). 
The  gypsum  coats  the  vertical  faces  of  the  coal  so  that  it  looks  some- 
what as  though  daubed  with  whitewash.  In  many  places  the  coal 
is  '"bony."  The  change  in  character  takes  place  in  a  short  distance, 
clean  coal  changing  to  shale  interleaved  with  thin  layers  of  coal. 
In  general  the  coal  is  hard,  slabby,  or  blocky,  and  makes  a  fair  steam 
and  domestic  fuel,  though  sooty.  The  so-called  Mystic  or  Center- 
ville bed,  which  is  mined  longwall  or  semilongwall,  makes  particu- 
larly large  coal  blocks  which  are  very  much  esteemed  for  domestic 
use  in  the  country,  as  the  eoal  can  be  stocked  in  piles  and  weathers 
more  slowly.  In  general  Iowa  coal  weathers  rapidly  on  exposure, 
hence  does  not  store  well,  and  if  there  is  much  slack  present  it  soon 
takes  fire  spontaneously. 

MINE  DISTRICTS. 

Mining  districts,  except  for  the  Centerville  or  Appanoose  County 
field  in  which  the  Mystic  bed  is  mined,  are  geographical  districts 
rather  than  geologic  basins. 

The  Centerville  district,  which  the  United  States  Geological  Survey 
terms  the  south-central,  produced  20  per  cent  of  the  total  State  pro- 
duction in  1918:  the  north-central  district,  embracing  Polk,  Dallas, 
Jasper,  and  Guthrie  Counties,  produced  27  per  cent;  and  the  central 
district,  embracing  Marion,  Mahaska,  Monroe,  Lucas,  and  Warren 
Counties,  produced  the  most — 46  per  cent  of  the  total.  The  south- 
eastern district,  embracing  Wapello,  Davis,  and  Van  Buren 
Counties,  was  in  early  days  one  of  the  largest  producing  districts, 
but  the  local  deposits  have  been  largely  worked  out  and  the  output 
is  now  very  small.     The  northern  field,  embracing  Boone  and  ad- 
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jacenl  counties,  was  also  a  considerable  producer  at  one  time,  but 
now  makes  a  very  small  output.  The  southwestern  district,  embrac- 
ing A.lams,  Taylor,  and  Page  Counties,  baa  a  very  small  production 
from  thin  local  hods. 

The  characteristics  of  the  coal  districts,  other. than  the  Centerville, 
are  much  alike.  The  eoal  beds  were  deposited  at  the  margin  of  the 
great  Illinois-Indiana  eoal  basin,  the  shores  of  which  were  evidently 
low  rounded  hills  of  the  lower  Carboniferous.  The  coal  beds  thus 
formed  are  sometimes  7  or  8  feet  thick  locally  but  thin  out  on  the 
shore  lines.  Frequently  the  channel  of  an  individual  deposit  may 
be  followed  for  miles,  and  such  a  deposit  may  be  3  to  7  feet  thick 
for  widths  of  a  few  hundred  yards  to  rarely  half  a  mile.  It  is 
unusual  to  find  more  than  .'U)0  or  400  acres  of  coal  of  workable  thick- 
uess,  3 '.  feet  or  more  thick,  from  any  one  shaft.  The  coal  beds  lie 
nearly  level,  dipping  about  10  feet  in  a  mile  to  the  southwest;  although 
the\  are  very  irregular  in  thickness,  there  is  little  evidence  of  faulting. 
The  most  marked  characteristic  is  the  presence  of  small  and  large  lime- 
stone bowlders  or  concretions  called  "niggerheads."  Sometimes 
these  form  a  practically  continuous  parting.  Their  presence  in- 
creases greatly  the  cost  of  mining. 

Rarely  is  more  than  one  bed  of  workable  thickness  present  in  any 
given  section.  If  a  lower  bed  thins,  an  upper  bed  may  perhaps  begin 
at  about  the  same  point  to  become  workable,  or  vice  versa,  although  it 
by  no  means  follows  that  continuous  mining  can  be  accomplished  in 
any  particular  area.  In  general  the  Writer,  from  prospecting  done 
under  his  supervision  between  the  years  1890  and  1908,  believes 
that  less  than  25  per  cent  of  the  Carboniferous  area,  except  hi  the 
Centerville  district,  contains  workable  coal. 

In  most  places  the  coal  beds  have  a  friable  roof  which  weathers 
badly  and  requires  much  timbering.  The  floor  is  usually  a  smooth 
"slate"  or  a  layer  of  bony  coal.  The  coal  beds  are  comparatively 
thin.  The  top  of  the  lower  Carboniferous  is  exposed  along  the  Des 
Moines  River,  rising  to  the  northwest.  Along  the  Des  Moines  River 
many  of  the  mines  are  opened  by  drifts  or  shafts  less  than  100  feet 
in  depth.  Further  west,  as  in  Lucas  County,  the  shafts  may  be  several 
hundred  feet  deep.  The  surface  is  hilly,  so  that  the  depth  of  the  coals 
differs  from  place  to  place. 

In  the  Centerville  district  the  coal,  which  lies  higher  up  in  the 
series  than  that  mined  in  the  vicinity  of  Ottumwa  and  Albia,  differs 
markedly  from  the  lower  coal  beds.  It  is  28  to  32  inches  thick  and 
has  a  thin  clay  parting  in  the  middle,  a  clay  floor,  and  "draw  slate" 
6  to  8  inches  thick  above  the  coal;  above  that  li<vs  the  stone  cap  rock  of 
limestone.  Thus  the  coal  presents  ideal  conditions  for  longwall 
mining. 

16086°— 21 2 
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DEVELOPMENT. 

In  general,  the  Iowa  mines  have  a  smaller  output  than  the  average 
of  coal  mines  throughout  the  country.  In  1912  there  were  219  ship- 
ping mines  which  that  year  yielded  an  average  production  of  33,286 
tons  as  compared  with  an  average  production  of  bituminous  mines 
for  the  whole  country  of  78,184  tons.  Only  two  mines  produced 
more  than  200,000  tons  each.  Because  of  the  irregularity  of  the 
coal  beds,  the  mines  are  comparatively  short  lived,  the  average  mine 
lasting  not  more  than  10  or  12  years.  The  production  by  counties, 
the  number  of  employees,  the  average  number  of  days  worked,  and 
the  average  value  per  ton  at  the  mine  is  given  in  Table  l.1 

Table  1. — Coal  production,  number  of  employees,  days  worked,  and  value  per  ton,  for 

the  year  1917. 


Produc- 
tion, total 
net  tons. 

Number  of  employees. 

Average 
number 
of  days 
worked. 

Average 

County. 

Under- 
ground. 

Surface. 

Total. 

value 
per  ton 

4,016 

1,663,454 

244, 721 

5ss, 477 

776,  320 

29,  679 

304,212 

145,  820 

504,999 

2, 446,  670 

17,943 

1,845,839 

6,431 

346, 509 

40, 740 

26 

3,325 

465 

832 

1,063 

63 

397 

216 

748 

2,662 

48 

2,363 

14 

450 

7 

401 

57 

109 

94 

7 

47 

24 

130 

404 

6 

246 

2 

60 

33 

3,726 

522 

941 

1,157 

70 

444 

240 

878 

3,066 

54 

2,609 

16 

510 

141 
243 
206 
258 
255 
276 
255 
234 
211 
266 
212 
267 
223 
248 

$3.31 

2.60 

3.12 

Dallas 

2.43 

Greene,  Lucas,  Warren,  and  Wayne 

2.14 

2.74 

2.03 

2.61 

2.27 

2.08 

3.81 

Polk 

2.47 

3.04 

2.44 

2.56 

Total.          

8,965,830 

12,672 

1,594 

14,266 

251 

a  eage    at  ep        n 

2.35 

1  Includes  Jefferson  County. 

In  1917  the  average  value  per  ton  ($2.35)  was  higher  than  in  some 
years,  contrasting  with  $1.86  for  1916  and  $1.75  for  1910. 

TR  AN  SPORT  ATION. 

The  Iowa  coal  fields  are  well  served  by  several  of  the  largest  rail- 
roads; the  main  lines  of  the  Chicago,  Burlington  &  Quincy,  Chicago 
&  North  Western,  Chicago  &  Rock  Island,  and  important  lines  of 
the  Chicago,  Milwaukee  &  St.  Paul,  all  intersecting  the  fields.  On 
the  other  hand,  while  furnishing  good  transportation,  these  roads 
also  transport  the  more  cheaply  mined  coal  of  Illinois  across  the 
Iowa  coal  fields. 

«  Lesher,  C  E.;  Coal:  Mineral  Resources  of  the  United  States,  1917,  Part  II,  U.  S.  Geological  Survey, 
1920,  p.  988. 
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USES. 

Iowa  coals  axe  used  for  Locomotives,  domestic  purposes,  and  power 
houses.  Thecoal  tends  to  clinker  in  locomotive  fire  boxes  and  under 
boilers  where  there  is  a  hot  fire,  though  with  care  in  keeping  an  even 
fire  it  is  used  successfully. 

For  domestic  purposes  Iowa  coal  makes  a  smoky  fire,  but  is  satis- 
factory when  burned  in  lump  or  nut  size.  Tho  small  screenings  and 
slack  are  largely  used  in  power-house  boiler  plants. 

FUSIBILITY  OF  ASH.2 

The  Bureau  of  Mines  has  made  few  fusibility  tests  of  the  ash  from 
Iowa  coals,  but  it  has  tested  many  samples  from  tho  western  part 
of  tlui  interior  coal  field  in  the  adjoining  States  of  Kansas  and  Mis- 
souri. These  samples  have  invariably  shown  a  very  low  softening 
temperature,  ranging  from  1,850°  to  2,100°.  All  of  these  coals 
contain  considerable  iron  pvrite  and  partings  of  calcite  and  gypsum, 
which  contribute  the  proper  constituents  for  the  formation  of  a 
fusible  slag. 

The  order  of  fusibility  of  coal  ash  from  the  various  coals  of  the 
country  may  l>o  divided  into  three  groups,  as  follows: 

Class  1. — Refractory  ashes,  softening  above  2,000°  F. 

Class  2. — Ashes  of  medium  fusibility,  softening  between  2,200° 
and  2,600°  F. 

( Tews  S.  Easily  fusible  ashes,  softening  at  a  temperature  below 
2,200°  F. 

The  coals  from  the  western  part  of  the  interior  field,  comprising 
the  States  of  Missouri,  Kansas,  and  Iowa,  are  all  in  the  lower  part 
of  class  3;  in  fact,  so  far  as  known,  they  have  the  most  fusible  ash 
of  all  American  coals. 

COKING  PROPERTIES. 

Iowa  coal  cakes  in  a  fire.  In  a  retort  it  forms  friable,  porous  coke, 
but  it  is  not  in  any  sense  a  coking  coal.  It  does  not  coke  in  a  beehive 
oven.  In  a  retort  oven  or  in  a  gas  retort  it  makes  a  friable,  porous 
coke  which  contains  too  much  ash  and  sulphur  to  be  valuable  as  a 
metallurgical  coke;  nor  is  the  outlook  promising  for  making  a  good 
domestic  coke  in  view  of  the  fact  that  the  many  Illinois  coals  make 
a  better  domestic  coke  and  show  less  loss  of  volatile  matter. 

MARKETS. 

The  markets  for  the  Iowa  coal  are  hugely  local,  although  some 
coal  is  si  lipped  into  eastern  Nebraska.  A  considerable  amount  of 
Illinois  coal  is  shipped  into  Iowa  and  on  the  south  the  Illinois  and 

*  By  A.  C,  Ficldner. 
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Missouri  coals  prevent  Iowa  coal  from  moving  in  that  direction. 
Colorado  coal  enters  western  Nebraska  and  in  fact  overlaps  the 
Iowa  markets  in  that  State.  On  the  east  the  Iowa  coal  is  hemmed 
in  by  the  cheaper  and  better  Illinois  coals  which  are  shipped  up  the 
Mississippi  Valley. 

Jj'UTUKE  DEVELOPMENT. 

The  development  of  the  coal  and  the  output  will  probably  continue 
to  rise  slowly  with  the  industrial  growth  of  the  State,  but  no  marked 
increase  in  annual  production  is  probable.  Heretofore  little  has  been 
done  to  improve  the  quality  of  the  coal  except  hand  picking  and  cul- 
ling at  the  point  of  loading.  Much  could  be  done  to  improve  the 
coarse  coal  by  more  adequate  picking  tables,  and  to  improve  the 
small  coal  by  building  washeries  at  central  points  where  mines  were 
short  lived. 

CHEMICAL  ANALYSES. 
By  A.  C.  Fieldner  and  F.  D.  Osgood. 

Most  of  the  chemical  analyses  in  this  paper  are  taken  from  Annual 
Reports  of  the  Iowa  Geological  Survey,  volume  19,  1908,  and  volume 
24,  1913. 

The  methods  used  by  the  several  laboratories  differed  somewhat, 
so  that  the  results  are  not  strictly  comparable  with  each  other  or 
with  the  Bureau  of  Mines  analyses  made  by  standard  methods 
adopted  by  the  United  States  Geological  Survey  and  the  Bureau  of 
Mines.  The  principal  differences  in  method  relate  to  the  determin- 
ation of  calorific  value.  All  analyses  of  the  Bureau  of  Mines  and 
United  States  Geological  Survey,  were  made  with  an  oxygen  bomb 
calorimeter.  All  the  analyses  accredited  to  the  Iowa  State  Geolog- 
ical Survey,  Iowa  State  College,  and  State  University  of  Iowa  were 
made  with  a  calorimeter  of  the  sodium  peroxide  type. 

Analyses  made  prior  to  1906  by  other  agencies  than  the  United 
States  Geological  Survey  and  the  Bureau  of  Mines  probably  show  a 
low  moisture  content,  as  in  the  early  days  of  coal  analysis  no  special 
precautions  were  taken  to  prevent  the  sample  from  losing  moisture 
while  in  transit  to  the  chemical  laboratory. 

Analyses  by  Iowa  State  College  and  State  University  of  Iowa  were 
made  according  to  the  methods  recommended  by  the  committee  on  coal 
analysis  of  the  American  Chemical  Society,  and  by  those  employed 
in  the  chemical  laboratory  of  the  coal-testing  plant  of  the  United 
States  Geological  Survey  at  the  Louisiana  Purchase  Expedition  at 
St.  Louis  in  1904,  except  that  the  calorimeter  determinations  were 
made  with  the  peroxide  calorimeter,  and  therefore  are  not  strictly 
comparable  to  the  determinations  of  Bureau  of  Mines  and  United 
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States  Geological  Survey,  which  were  made  by  the  standard  method 
in  an  oxygen  bomb  calorimeter. 

Analyses  accredited  to  G.  E.  Patrick  are  taken  from  Iowa  State 
Geological  Survey,  volume  2,  pages  504-509,  1894,  Samuel  Calvin, 
geologist. 

Those  given  on  authority  of  Rush  Emery  are  taken  from  Geology 
of  Iowa,  volume  2,  pages  361-395,  1870,  C.  A.  White,  State  geologist. 

Those  given  on  authority  of  G.  Hinrichs  are  quoted  from  First  and 
Second  Annual  Reports  of  the  State  Geologist,  pages  222-224,  1868, 
C.  A.  White,  State  geologist. 

Those  for  which  J.  D.  Whitney  is  given  as  authority  are  taken  from 
Geology  of  Iowa,  volume  1;  pages  403-414,  1858,  James  Hall,  State 
geologist. 

Where  the  Iowa  State  College  is  quoted  as  authority,  the  analyses 
are  given  in  volume  17  of  the  Iowa  Geological  Survey,  pages  170fT, 
529,  530,  or  in  the  various  county  reports  published  in  volume  19. 

The  analysis  by  D.  Owen  is  found  in  Geology  of  Iowa,  Wisconsin, 
and  Illinois,  page  53,  1839. 

Analyses  credited  to  George  W.  Prentiss  are  from  the  laboratory 
of  the  Chicago,  Milwaukee  &  St.  Paul  Railway  Co.,  at  West  Milwau- 
kee, Wis. 

The  Bureau  of  Mines  and  United  States  Geological  Survey  analyses 
are  taken  from  Bulletin  22,  United  States  Bureau  of  Mines. 
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PUBLICATIONS  ON  THE  COMPOSITION  OF  COAL. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  until 
the  edition  is  exhausted.  Requests  for  all  publications  can  not  be 
granted,  and  to  insure  equitable  distribution  applicants  are  requested 
to  limit  their  selection  to  publications  that  may  be  of  especial  in- 
terest to  them.  Requests  for  publications  should  be  addressed  to 
the  Director,  Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications  avail- 
able for  free  distribution  as  well  as  those  obtainable  only  from  the 
Superintendent  of  Documents,  Government  Printing  Office,  on  pay- 
ment of  the  price  of  printing.  Interested  persons  should  apply  to 
the  Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  list. 
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Technical  Paper  5.  Constituents  of  coal  soluble  in  phenol,  by  J.  C.  W.  Frazer 
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Technical  Paper  8.  Methods  of  analyzing  coal  and  coke,  by  F.  M.  Stanton  and 
A .  C.  Fieldner.     42  pp.,  12  figs.     1913. 

Technical  Paper  35.  Weathering  of  the  Pittsburgh  coal  bed  at  the  experi- 
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14  figs. 
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Technical  Papeb  140.  The  primary  volatile  products  of  the  carbonization  of 
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Bulletin  1.  The  volatile  matter  of  coal,  by  H.  C.  Porter  and  F.  K.  Ovitz.  1910. 
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